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INTRODUCTION

41
Lime treatment is widely applied in geo-engineering constructions such as highway and 42 railway embankments, levees and slopes. This technique effectively improves the workability 43 and mechanical behaviour of soils, because lime can significantly modify soil properties 44 through a series of physical-chemical reactions, including hydration, cation exchanges and 45 pozzolanic reaction (Bell, 1996; Boardman et al. 2001; Prunsinski and Bhattacharja, 1999;  46 Umesha et al. 2009 ). Generally, lime hydration takes place shortly after adding lime into the 47 soil, and this process consumes a large amount of water. The main products of this first step 48 reaction is Ca(OH) 2 . The followed ionization of hydration products provides sufficient Ca 2+ 49 ions, and induces cation exchanges that lead to soil flocculation/agglomeration. Note that the 50 cation exchanges and the consequent flocculation process occur rapidly after lime addition, 51 resulting in changes in aggregate size distribution, plasticity and workability of soil (Bell, 52 1989; Russo, 2005) . Pozzolanic reaction usually takes a longer time and plays the major role 53 in improving soil geotechnical behaviour, by increasing soil stiffness and shear strength (Bell, 54 1996; Consoli et al. 2009; Tang et al. 2011; Dong, 2013) . Due to the time-dependence of 55 lime-soil reactions, the geotechnical behaviour of lime-treated soil depends significantly on 56 curing time (Locat et al. 1990; Bell, 1996; Little, 1999; AL-Mukhtar et al. 2012; DI Sante et 57 al. 2014) . Brandl (1981) and Liu et al. (2012) reported that the strength of lime-treated soil 58 increased with increasing curing time. By performing bender element tests on lime-treated 59 soils, Dong (2013) showed that there was a two-stage development for the shear modulus 60 over time: stage 1 related to cation exchanges and stage 2 to pozzolanic reaction. 61 In most cases, lime-treated soils are exposed to natural environment or placed in shallow 62 4 depth. They are unavoidably subjected to long-term cyclic climate loadings, i.e. temperature 63 variations, drying and wetting, which can significantly affect their durability. Recent studies 64 mainly focus on the effect of wetting and drying cycles on the mechanical behaviour of 65 lime-treated soil (Khattab et al. 2007; Cuisinier and Deneele, 2008; Le Runigo, 2008; Tang et 66 al. 2011) , and little attention has been paid to the effect of temperature, which is also an 67 important factor related to climate. Actually, temperature can also significantly affect the 68 geotechnical properties of soil, such as Atterberg limits, stiffness, strength and volume change 69 behaviour (Ctori, 1989; De Bruyn and Thimus, 1996; Sultan et al. 2002; Liu et al. 2012; Islam 70 et al. 2013; Consoli et al. 2014 ). To assess the temperature effect, it appears essential to 71 investigate soil thermal properties like thermal conductivity. Indeed, thermal conductivity is 72 an important parameter in the modelling of the coupled thermo-hydro-mechanical behaviour 73 of lime-treated soil under climate changes. It takes an important role in the heat 74 transformation between the soil and the atmospheric air. However, most studies on thermal 75 behaviour of treated soil involved cement stabilization in the past decades. Farouki (1981) 76 reported that the addition of Portland cement into sand increased the thermal conductivity of 77 the mixture in both wet and dry states. Adam and Jones (1995) observed that the thermal 78 conductivity of cement stabilized soil was higher than that of lime-stabilized soil, and they 79 explained that the former enhanced soil density while the later reduced it. Nevertheless, 80 El-Rawi and Al-Wash (1995) indicated that the thermal conductivities of both soil-cement 81 mixture and concrete decreased with curing time. Lee et al. (2014) 
MATERIALS AND METHODS
117
Test materials
118
The soil tested was taken from a site near Héricourt, France. This soil has a fine fraction (< 80 119 µm) of 65 %. Its geotechnical properties are reported in Table 1 . According to 120 French/European standard NF P 11-300 (1992), this soil belongs to category A2. It Once the samples were compacted, they were covered in watertight plastic films and stored 170 for 24 h for water homogenization. Then the samples were cut into 6 or 8 small pieces (38 9 mm in diameter and 8 mm in height) which were well covered to prevent water evaporation 172 during curing time. At a given curing time, one small piece was put into the dew point 173
PotentiaMeter (WP4) to measure its suction. Immediately after the suction measurement, the 174 water content was determined by oven-drying.
175
The dew point PotentiaMeter (WP4) measures the total suction in a sample. The total suction 176 (ψ) of the sample was determined through Kelvin's equation:
where R is the gas constant (8.31 J/mol K), T is the Kelvin temperature of the sample, M is the 179 molecular mass of water, RH is the relative humidity. proposed by Delage and Pellerin (1984) , and then subjected to MIP test. Autopore IV 9500 189 mercury intrusion porosimeter which has both low-pressure and high-pressure systems was 
208
The water content w and degree of saturation S r can be determined using the following 209 equations by considering the residual water content w r (Romero, 1999) :
where S rm is the degree of saturation of mercury, w sat is the water content at saturation. of lime-treated soils is improved over time.
245
Microstructure investigation
246
The derived curves and the corresponding cumulative curves are presented in Figure 6 for the 247 samples compacted on dry side, and in Figure 7 for the samples compacted on wet side. It is days. In comparison with the direct measurements, the matric suction seems to be higher than 274 the total suction -the direct measurement points are located beneath the curves from the MIP 275 tests. This seems to be weird and will be discussed in the following section. Thus, the presence of pozzolanic products during curing decreases the effective thermal 287 conductivity of the whole system.
288
Soil thermal conductivity also significantly depends on soil structure defined by soil porosity, 289 pore size distribution, particle contacts, etc. In general, soil compacted at different water The suction determined by both direct and indirect measurements increases over curing time 316 (Figure 8 ), while the water content dose not decrease ( Figure 5 ). This is due to the fact that 
